BACKGROUND: Most attempts to intervene on coronary chronic total occlusions fail because the wire cannot cross the occlusion. Three main strategies can be used to cross a CTO: antegrade wire escalation, antegrade dissection/reentry and retrograde. The basic underlying principle of the hybrid approach (HA) is that no single procedural crossing strategy should be pursued to exhaustion, but an alternative strategy should be attempted if a given crossing strategy does not progress. METHODS: The success rates, complication rates, procedural characteristics and clinical outcomes of 72 consecutive CTO-PCIs with single crossing strategy (control group) were compared to 34 cases of hybrid approach to CTO-PCI (study group). In the study group, successful crossing strategy was assessed. The SYNTAX and J-CTO scores were assessed to evaluate the potential severity of the procedure. The complications included MACCE and the procedural complications. At 6-month follow-up, clinical outcomes including target vessel revascularization (TVR), target lesions revascularization (TLR) and major adverse cardiac events (MACE) were evaluated. RESULTS: Procedural success was achieved in 91.2% cases in HA group and was significantly higher than cases in control group (86.1% respectively). The final successful CTO crossing strategy in HA group was antegrade in 48.4%, retrograde in 29%, and antegrade dissection/reentry in 22.6%. The retrograde approach in control group was used in 45.8% cases with 87.9% procedural success. Major procedural complications occurred 2.9% and 2.8% respectively, with no statistically significant difference. CONCLUSION: Use of the hybrid approach to CTO-PCI is associated with higher success and similar complication rates compared to other CTOs crossing strategies. High success rates for CTO interventions can be achieved without incurring more complications.
INTRODUCTION
Coronary chronic total occlusions (CTO) are identified in 20-30% patients undergoing diagnostic coronary angiography [1] , with the incidence increasing with age. [2] Successful recanalization of a CTO is associated with a reduction of need for coronary artery bypass graft surgery [3] , improvement in angina symptoms [4] and left ventricular function and segment wall thickening [5] , as well as long-term survival. [6, 7] . Moreover, success rates for treating CTOs with conventional techniques have remained unchanged over time [6] [7] [8] [9] [10] averaging 65-70%. Selecting the optimal technique for each CTO lesion can be challenging, but this process has recently been changed by the introduction of a hybrid CTO crossing algorithm. [11] The term hybrid refers to (1) sequential use of CTO crossing techniques if the initially attempted technique fails and (2) unification of all 3 currently available CTO crossing techniques (antegrade wire escalation, antegrade dissection/re-entry and retrograde) during same procedure. [11] [12] [13] [14] [15] [16] [17] [18] The aim of this study was to examine the difference in success and complication rates, procedural characteristics and clinical outcomes of single CTO crossing strategies versus hybrid approach to coronary CTO-PCI.
METHODS
We collected the clinical and angiographic characteristics and procedural outcomes of 34 patients undergoing hybrid CTO PCI (study group) and compared with data from 72 consecutive CTO with single crossing strategy procedures (control group). The success and complication rates, procedural characteristics and clinical outcomes were compared. In the study group, successful crossing strategy was assessed. Procedural characteristics were evaluated by numbers of stents, wires, micro catheters, amount of dye used, total fluoroscopy time, air kerma radiation dose and total procedural time. Complications included: 1) Major adverse cardiac and cerebrovascular events (MACCE)death, myocardial infarction, emergent coronary bypass surgery, repeat PCI, stroke; and 2) Procedural complications: acute or sub-acute occlusion, distal embolization, coronary dissection, coronary perforation. At 6-month follow-up, clinical outcomes were evaluated: target vessel revascularization (TVR), target lesions revascularization (TLR), major adverse cardiac events (MACE). All procedures were performed by operators with mid-expertise in CTO PCI using the "hybrid" approach. CTOs were defined as coronary obstructions with TIMI flow grade 0 of at least 3 months' duration, which was based on first onset of angina symptoms, prior history of myocardial infarction in the target vessel, or comparison with a prior angiogram views. Technical success was defined as angiographic evidence of <30% residual stenosis with restoration of TIMI 3 antegrade flow in the CTO target vessel. [19] Procedural success was defined as technical success with no procedural MACE.
STATISTICAL ANALYSIS
Continuous data were summarized as mean ± standard deviation (normally distributed data) or median and interquartile range (non-normally distributed data) and compared using t-test or Wilcoxon rank-sum test, as appropriate. Categorical data were presented as frequencies or percentages and compared using chi square or Fisher's exact test, as appropriate. A two-sided p value of <0.05 was considered statistically significant.
RESULTS

Clinical and angiographic characteristics
Mean age in study and control groups were 67.8 ± 8.2 and 69.2 ± 7.6 years, respectively, and most (82% and 78%) of patients were men with high frequency of diabetes mellitus (35% and 31%), prior myocardial infarction (28% and 24%) and prior CABG (26% and 22%). All CTO target vessels were in a native coronary vessel. A prior CTO PCI attempt was performed in 15% of cases in hybrid approach group to compare with 10% cases of control group. The target CTO vessel was the right coronary artery in 63% of patients in study group to compare of 61% in control group, followed by the left descending (22% and 24%) and left circumflex artery (11% and 14%). The median visually estimated CTO occlusion length in study group was 30 (interquartile range 22 to 55) mm and CTO reference vessel diameter was 2.8 ± 0.5 mm, to compare with control group occlusion length 27 (interquartile range 19 to 47) mm and diameter 3.0 ± 0.5 mm. There were no statistically significant differences in all the characteristics to compare in control group with hybrid approach group.
Procedural techniques and outcomes
Technical success and procedural success were achieved 90.5% and 91.2%, respectively in study group, to compare with 87.5% and 86.1%, respectively in control group, with statistically significant difference. The final successful CTO crossing strategy in study group was antegrade in 48,4%, retrograde in 29% and antegrade dissection/re-entry in 22.6%. The retrograde approach in control group was used in 44% of cases with 86% technical and 85% procedural success and 3.2% incidence of MACE. Median contrast volume and fluoroscopy time in study group were 260 (195-377) ml and 41 (26-67) min, respectively with a statistically significant difference to compare with control group (see Table 1 ). Only acute myocardial infarction as MACCE in study group occurred in 2 patients to compare with 1 patient in control group. No patient experienced a stroke or death, urgent target vessel revascularization with PCI, and no patient required emergency CABG. Perforation was the most common procedural adverse effect (3.2% in study group, and 2.9% in control group, p>0.05), dissection (2.4% and 2.1% respectively, p>0.05) and vascular access complications (1.6% and 1.2%, p>0.05). There were no statistically significant differences in target vessel revascularization, target lesion revascularization and MACE at 6-month follow-up in both groups. The most common MACE at early 6-month outcomes was the need of CABG in both groups.
CONCLUSION
The main finding of our study is that the "hybrid" approach to CTO PCI is associated with significantly higher success and similar complication rates to comparison with single crossing strategies for coronary CTO.Present study has important limitations. It was observational without independent review of the coronary angiograms. Furthermore, operator experience can significantly increase success rates of CTO PCI. Finally, long-term clinical or angiographic follow-up was not performed. Our findings suggest that the efficacy of CTO PCI is significantly improved, and they demonstrate that high success can be achieved without incurring more complications. All authors have no financial conflicts of interest to disclose concerning the manuscript.
